Eighty fish products and 62 meat products were sampled and analysed in Finland, in the year of 2012 for four marker polycyclic aromatic hydrocarbons (PAH4) with an accredited gas chromatography-tandem mass spectrometry method. In general, the determined PAH4 levels were relatively low and below the maximum levels. e mean concentrations of smoked fish samples were 0. , respectively. However, PAH4 sum concentrations ranged from not detected to 200 µg·kg −1 particularly among meat products, underlining the importance of controlling the smoking process. In this study, the effect of selected smoking parameters, i.e., smoking technique (direct/indirect), smoking time (less than five hours/more than five hours), smoke generation temperature (optimised/nonoptimised), and the distance (less than five metres/more than five metres) between the food and the smoke source, confirmed the linkage between the smoking factors and the PAH4 levels formed in fish and meat products. As guidance for a safe smoking process, it was demonstrated that an indirect smoking technique, a shorter smoking time, an optimised smoke generation temperature, and a longer distance from the smoke source generated lower PAH concentrations in food products. However, while a shorter smoking time generated lower PAH levels in meat products, the levels in fish products were unexpectedly higher than in those smoked for a longer time.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) consist of a versatile group of organic compounds that have at least two or more aromatic rings joint together [1, 2] . ey are fat soluble and chemically stable compounds that are classified as human carcinogens [1] . Several metabolic pathways may result in reactive intermediates inducing mutagenic or carcinogenic processes of PAHs [3] . e carcinogenic capacity varies between them, despite having similar structural properties [4] . ose with four to six fused rings, such as benzo [a] pyrene (BaP), are effective carcinogens belonging to Group 1 carcinogens according to the International Agency for Research on Cancer (IARC) [5] . Additionally, PAHs have teratogenic, haematological, and immunotoxic effects, and their concentrations in food should therefore be as low as reasonably achievable (ALARA principle) [6] [7] [8] .
PAHs are formed during the incomplete combustion of organic matter, and they are widely distributed in the environment via air [6, 7] . Industry, traffic, smoking, forest fires, and volcanic eruptions generate PAHs, and humans are consequently mainly exposed by inhalation, skin contact, and ingestion [6, 7] . Despite also being environmental contaminants, PAHs are formed in food processing, such as drying, grilling, roasting, and smoking [6, 7, 9] . For nonsmokers, the diet appears to be the main source of PAH exposure [9, 10] .
Food smoking is one of the oldest preservation methods and is still widely used [11] [12] [13] [14] . However, smoking is nowadays mainly used to obtain the desired colour, flavour, aroma, and appearance in the smoked food rather than for preservation purposes [14, 15] . Traditional smoking is generally performed by the formation of smoke from wood [16, 17] . Smoke is defined as the result of thermal pyrolysis of wood when access to oxygen is limited [6] . PAHs and other chemical compounds occur in smoke particles, which can migrate into the food product being smoked [2, 18] . Wood smoke contains a combination of antioxidant and antimicrobial chemicals (e.g., phenols, carboxylic acids, aldehydes, and acetic acids), but also some harmful compounds, such as PAHs [12, 17, 19] . PAHs are potential health hazards associated with smoked foods, in which they typically occur as a complex mixture [6, 13] . In Finland, smoking with direct and indirect techniques is widely used in the processing of meat and fish products. For direct smoking, smoke is generated from an open fire in the same chamber as the smoked product, whereas in indirect smoking, the smoke is generated in an external chamber separated from the food and the smoke is led to the product from the external smoke generator [16, 20] . Alongside the smoking technique, the type of process (grilling, roasting, smoking, and drying), the distance between the food and the smoke source, the process time, and temperature impact the formed PAH levels [6] .
Commission Regulation (EC) No. 1881/2006 specifies the maximum levels (MLs) of BaP in different foodstuffs [21] . In 2008, the European Food Safety Authority (EFSA) concluded that BaP alone is not a suitable indicator for the occurrence and toxicity of PAHs in foods [3] . erefore, additional MLs for the sum of four PAHs (PAH4: BaP, benz [a] anthracene (BaA), chrysene (CHR), and benzo[b]fluoranthene (BbFA)) were set in Commission Regulation (EU) No. 835/2011 [22] . e MLs for smoked meat and fish products smoked from 1.9.2012 to 31.8.2014 are 5.0 µg·kg −1 for BaP and 30.0 µg·kg −1 for the PAH4 sum. e MLs applicable from 1.9.2014 for smoked meat and fish products are 2.0 µg·kg −1 for BaP and 12.0 µg·kg −1 for the PAH4 sum [22] . However, in some Member States, the lower levels set from 1.9.2014 could not realistically be reached for traditionally smoked products. erefore, Commission Regulation (EU) No. 1327/2014, amending Regulation (EC) No. 1881/2006, was set for three years, permitting certain Member States, including Finland, to produce and consume traditionally smoked meat and meat products, as well as fish and fish products, in their territory that comply with the PAH MLs of 5.0 µg·kg −1 for BaP and 30.0 µg·kg −1 for the PAH4 sum [23] . In this study, the PAH4 levels of Finnish smoked fish and meat products were determined. In addition, particular attention was paid to investigating the effect of selected smoking parameters on the PAH4 levels to develop science-based guidance for a safe smoking procedure. Particularly aimed at small and medium-sized enterprises (SMEs), guidance will strengthen their expertise and thereby prevent and reduce PAH contamination in traditionally smoked fish and meat products.
Materials and Methods

Samples.
During 2012, the municipal food control authorities and the inspection veterinarians of the Finnish Food Safety Authority Evira collected 142 samples (80 fish/fishery products and 62 meat/meat products) throughout Finland from smokehouses and retail shops with their own smoking chambers. Among the meat and meat products, different types of pork products were the most common (68%) (Figure 1(a) ), and for the fish and fish products, either warm or cold smoked salmon products were predominant (82%) (Figure 1(b) ). Sampling was conducted according to Commission Regulation (EC) No. 333/2007 [24] and followed a risk-based sampling plan (e.g., the smoking technique used and production volumes). Only so-called worst-case samples from the consumer perspective, which were most likely to contain PAH compounds, were chosen for chemical analysis. erefore, liquid-smoked samples, for instance, were not included. During the sampling, detailed information on the production process was recorded. However, incompletely reported smoking parameters were omitted.
Chemicals and Reagents.
Organic solvents (dichloromethane, hexane, acetone, cyclohexane, methanol, and toluene) were HPLC or ultra resi-grade and purchased from J. T. Baker (Deventer, Netherlands). Ethyl acetate (HPLC grade) was obtained from VWR Chemicals (Fontenay-sousBois, France). Ethanol was provided by Altia Oyj (Rajamäki, Finland) and was of Aa grade (≥99.5%). Celite 545 and florisil (100-200 mesh) used for accelerated solvent extraction (ASE 200 ® , Dionex Corporation) were obtained from Merck (Darmstadt, Germany) and from Sigma-Aldrich (Steinheim, Germany), respectively. Supelclean ENVI-Chrom P (6 mL, 500 mg) solid-phase extraction cartridges were provided by Supelco (Bellefonte, PA, USA). e analytical standard mixture (PAH-Mix 183, 10 µg·mL −1 ) was purchased from Dr. Ehrenstorfer GmbH (Augsburg, Germany). In addition, the isotopically labelled compounds (13C6 BaA, 13C6 CHR, 13C6 BbFA, and 13C4 BaP) containing 100 µg·mL −1 each were supplied by LGC Standards GmbH (Wesel, Germany) and used as internal standards. e stock solutions of the individual 13 C PAHs were prepared and combined in toluene. All the standard solutions were stored at +4°C, protected from the light.
Sample Preparation.
PAH4 compounds were determined using a gas chromatography-tandem mass spectrometry (GC-MS/MS) method accredited according to ISO 17025. e method was based on the publication of Veyrand et al. [25] , with minor modifications. All samples were packed in aluminium foil or in a sales package and stored at +5°C prior to homogenisation in a food mixer. According to the manufacturer's information, the fish or meat skin was removed before homogenisation if the skin was not an edible part of the product. MLs are only applicable to the edible parts of smoked products. e samples were homogenised in a mixer, and approximately 100 g of each sample was taken to be freeze-dried. Half a gram of the dried sample was spiked with internal standards ( 13 C-labelled PAHs) followed by the extraction of PAHs using ASE 200 ® . e extraction cells were filled with celite and florisil and prewashed with dichloromethane before adding the sample and extracting with hexane/acetone (50/50, v/v). e extract was evaporated, diluted into cyclohexane, and puri ed in the solidphase extraction (SPE) cartridge. e SPE cartridge was rst conditioned (ethyl acetate, cyclohexane) and washed with cyclohexane/ethanol (70/30, v/v), after which the sample extract was introduced into the SPE cartridge.
e PAH compounds were eluted with cyclohexane/ethyl acetate (40/60, v/v). Finally, the solvent was evaporated with nitrogen, and the sample was redissolved in 100 µl toluene and transferred to a GC vial. For the GC-MS/MS analysis, one microliter of the nal sample extract was injected into the GC injector. In the case of canned sh samples, the sh and oil were separated and analysed separately. e individual results were considered when calculating the nal result for the canned sh product.
GC-MS/MS Analysis.
e nal detection and quantication of the analytes were performed using a gas chromatograph (Agilent, 6890N) coupled to a Micromass Quattro Micro GC triple quadrupole analyser (Waters, Micromass). Analysis was carried out using the Select PAH capillary column from Agilent J&W (30 m × 0.25 mm × 0.15 µm). Helium (AGA, Finland) was applied as the carrier gas at the constant ow rate of 1.0 mL·min −1 and argon (AGA, Finland) as the collision gas. e injection was done in splitless mode by utilising the electron ionisation (EI) technique (70 eV). Ion transitions were monitored with the multiple reaction monitoring (MRM) mode, and the two most predominant fragments for each analyte were utilised. Precursor ions and the selected product ions are given in Table 1 .
e injector and the transfer line temperature were held at 300°C and the ion source at 275°C. e GC oven temperature was initially kept at 110°C for 0.7 min and then raised at 5°C·min −1 to 180°C, 3°C·min −1 to 230°C for 7 min, 28°C·min −1 to 280°C for 15 min, and 14°C·min −1 to 350°C for 5 min. Quanti cation was performed by using the internal standard calibration curve with seven standards from 0 to 800 ng·mL −1 . e data were processed using MassLynx V4.1 software supplied by Waters (Manchester, United Kingdom).
Statistical Analysis.
e statistical analysis was performed using IBM SPSS Statistics, version 25 (SPSS Inc., Chicago, Illinois). Boxplots were performed to visualise the distribution of the data sets.
Method Validation and Quality Control.
e GC-MS/MS method complies with the criteria for the o cial control of PAH4 according to Commission Regulation (EU) No. 836/2011 [26] . Method validation was performed for sh, meat, and oil matrices using Commission Decision (EC) No. 657/2002 as a guideline [1] . e following parameters were successfully tested: speci city, selectivity, linearity, repeatability, within-laboratory reproducibility, apparent recovery, the limit of detection (LOD), the limit of quanti cation (LOQ), and trueness. e pro ciency test Underlined product ions are used as quanti er ions.
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organised by FAPAS ® was used to assess the trueness of the method. Smoked meat test material was analysed for BaP, BaA, and BbFA, and our z-scores were −0.7, 0.1, and −0.4, respectively.
Quality controls of the method were performed both before and during the sample run. Each GC-MS/MS run was preceded by a system performance check with the standard solutions containing 0.011 and 0.064 µg·mL −1 of PAH4 standards (PAH-Mix 183, Dr. Ehrenstorfer GmbH, Augsburg, Germany). In addition, the standard solutions were injected at the beginning, in the middle, and at the end of each sample batch. Individual internal standards were used for each PAH4 compound.
e spiked matrix sample was used to check the functionality of the whole method by spiking the blank fish or meat sample with PAH4 standards at the level of 5.0 µg·kg , and the LOQ ≤ 0.90 µg·kg −1 for each of the four substances acceptable [26] . All our performance values were within these limits. According to Commission Decision (EC) No. 657/2002 [1] , the maximum permitted tolerances for relative ion intensities were defined during fish and meat validation and applied as an identification criteria ( Table 2) . A chromatographic peak which was eluting at the retention time of a target PAH was identified if qualifier ion was present and the ion ratio between quantifier and qualifier was within the acceptable ion ratio. As an example, benzo[a]pyrene in a meat sample with ion ratio of 5.3 is illustrated in Figure 2. 
Results
e method used for the determination of PAH4 is routinely used and is accredited according to ISO 17025 [27] . e LOD and LOQ of the method were 0.26 µg·kg −1 and 0.87 µg·kg −1 for each PAH4 analyte in fish and meat, respectively. Upper bound concentrations were calculated, assuming that all values of the individual PAH4 compounds less than the LOQ were equal to the LOQ. Furthermore, the concentrations below the LOD were calculated as zero. Measurement uncertainty (MU) was based on the validation and proficiency test data [28] . Estimated as expanded uncertainty, MU varied from 16 to 27% in fish and from 10 to 22% in meat, depending on the PAH4 compound. For the PAH4 sum, MU was 44% in fish and 38% in meat.
In general, the determined PAH4 levels in smoked fish and meat samples were relatively low and below the prevailing MLs. Regarding the smoked fish products, the mean concentrations were 0.7 µg·kg −1 for BaP and 3.9 µg·kg −1 for the PAH4 sum. For smoked meat products, the mean BaP and PAH4 sum levels were 2.2 µg·kg −1 and 11 µg·kg
, respectively. It is noteworthy, however, that our results displayed wide variation, particularly in meat products, for which the PAH4 sum concentrations ranged from not detected to 200 µg·kg −1 (Table 3) . Moreover, median PAH levels in pork products were higher than in other meat products.
e smoked large fish products (n � 72) contained 79% fillets, 13% pieces, and 8% whole fish samples, whereas all eight small fish samples represented the whole fish. When comparing the data between the products of larger fish species (e.g., salmon and whitefish) and smaller fish (e.g., herring, vendace, and roach), those of smaller fish were found to contain higher median concentrations of PAHs (Table 3 ). e minimum and maximum values were approximately at the same level in both large and small fish species.
Within the framework of the study, four meat product samples were found noncompliant with the legislation, and in all these cases, direct smoking was used. e competent authorities enforced the operator of these products to modify the smoking process. After modifications, follow-up samples were taken to ensure the products were compliant with the legislation before allowing the placement of the products on the market.
Four canned smoked fish products were analysed, comprising either vendace or roach. e final results were calculated by combining the relative proportions of PAHs in the fish and vegetable oil in a can. In all of the cases, the PAH4 contamination was almost five times higher in the vegetable oil than in the fish part. A similar oil-fish PAH ratio (5 : 1) was reported by Lawrence and Weber [29] in canned smoked sardine. However, all the canned fish samples were compliant with the legislation.
Effect of the Selected Smoking Parameters on the PAH4
Levels.
e effect of the selected smoking parameters was studied using smoked fish and meat samples. Additionally, smoked salmon fillets (n � 57) were evaluated separately in order to eliminate the interfering factors, such as other fish species and effect of the skin. Salmon fillets were all smoked without the skin. Regarding the smoking time, more investigation in fish was needed; thus, cold and warm/hot smoked salmon fillets as well as large and small fish species were studied.
Smoking Technique.
e samples were smoked using either a direct or an indirect smoking technique. In smoked fish samples, direct smoking technique produced only slightly higher BaP and PAH4 sum concentrations than indirect smoking. Exceptionally, one sample smoked with indirect technique contained highest PAH4 concentrations (Figure 3(a) ). For smoked salmon fillets, the results illustrated direct smoking producing higher PAH levels than the indirect smoking (Figure 3(b) ). Moreover, direct smoking generated clearly higher PAH levels in smoked meat samples than indirect smoking (Figure 3(c) ).
Smoking Time.
e e ect of smoking time was examined by dividing the PAH results into two categories according to whether the smoking process took less or more than ve hours. Surprisingly, the shorter smoking time generated higher PAH concentrations in sh samples, particularly observed for the PAH4 sum (Figures 4(a) and 4(b) ). e comparison between cold smoked and warm or hot smoked salmon llets indicated that in cold smoking process, only two samples contained detectable PAH concentrations (Figure 4(c) ). In warm or hot smoked salmon llets, which were mostly smoked in less than ve hours, PAH levels were clearly higher than in cold smoked products. Moreover, the sh size may a ect the observed PAH levels, which was studied between the large and small sh products. All the small sh products were smoked in less than ve hours, and therefore, the comparison between the large and small sh products was performed in that time range.
e results show the small sh samples containing higher median PAH levels (Figure 4(d) ). In smoked meat samples, the PAH concentrations were higher for both BaP and the PAH4 sum when the smoking time exceeded ve hours (Figure 4(e) ).
Smoke Generation Temperature.
e temperature required for smoke generation was de ned as optimised if the thermal eld was maintained at 400-600°C during the whole process. In a nonoptimised case, the temperature may vary during the process, and it is not therefore controlled. As expected, both for sh and meat samples, lower amounts of PAHs were formed when the temperature was optimised (Figures 5(a)-5(c)) . Particularly, as shown in Figure 5(b PAH levels were clearly higher for smoked salmon llets in the nonoptimised system.
Distance between the Food and the Smoke Source.
In this study, the reported length between the food and smoke source was either under or over ve metres. e longer distance (over ve metres) generated lower concentrations of PAHs in both sh and meat products (Figures 6(a)-6(c) ). e comparison between PAH levels in smoked sh (Figure 6(a) ) and salmon llets (Figure 6(b) ) demonstrated that similar results were obtained. Furthermore, there were no detectable levels of BaP in meat products when the distance from the smoke source was over ve metres ( Figure 6(c) ).
Discussion
Food safety and especially the risk management of PAHs must be the rst priority in food smoking processes, although smoking extends the food storage period and improves the avour, composition, and preservation of the vitamin content [20] . e Codex Alimentarius recommends optimisation of the smoking process to produce smoked products that have good microbiological quality and sensory properties with low PAH levels [20] . In order to control the PAH levels in smoked products, it is important to identify the critical parameters.
Overall, due to the risk-based, i.e., selective sampling in this study, the detected PAH4 levels in fish and meat were probably higher than would have been obtained using objective sampling. ey were nevertheless relatively low and comparable to other studies [18, 30, 31] , with some exceptions. However, the large variation in PAH levels between the samples demonstrated how variable the smoking process can be in Finnish smokehouses.
e smoking equipment used are rather self-made than commercial; thus, e.g., the length of smoking tube and the model of the filter may vary from one device to another. In 1999, the levels of 11 PAHs in different food categories were determined in Finland. Among smoked meat products, the highest BaP concentrations were observed in smoked pork products (5.6-13.2 µg·kg
), whereas in the smoked fish product category, a smoked herring sample contained a sum concentration of 11 PAHs of 270 µg·kg −1 , but a relatively low BaP concentration of 0.7 µg·kg −1 [32] . Due to the different combinations of PAHs analysed, comparison with our results is challenging, but we observed the same trend of higher PAH levels in smoked pork products compared to other meat products. e data analysis did not reveal any particular smoking parameter alone to be the reason for the higher PAH levels in pork, but some factors were found related to long smoking time up to 36 hours, no distance between the food and smoke source or irregular cleaning of the smoking equipment. Altogether, the high variation among the results demonstrated the smoking process either to be controlled or not. Products of herring and also other small fish species such as vendace, roach, and mackerel contained higher PAH levels than those of larger fish species (salmon and whitefish). is may be attributed to the assumption that herring is often more heavily smoked than salmon due to the smaller surface area-to-volume ratio [16, 29] .
Additionally, small fish species are consumed with the skin, which contains more PAHs than the other parts of the fish. According to previous studies [18, 33] , the skin acts as a barrier to penetration by smoke particles, thereby preventing PAH contamination. e uptake of PAHs into the fish tissue is greater if the skin has been removed before smoking. When reaching the product surface, PAHs accumulate on the skin surface and may migrate into the underlying fatty tissue due to their solubility in fat. e water activity and fat content have a significant role in the diffusion process [15] . For smoked meat, similar conclusions were made by Ciecierska and Obiedziński [34] , who demonstrated lower PAH levels in the interior than the exterior of the same products. In canned fish products, PAHs can migrate from the fish to the oil or remain in the fish lipid [35] . However, the oil mainly acts as a preservative, and many consumers pour away most of it before food consumption [35] .
As expected, the smoking technique had a clear impact on the PAH levels. For both meat and fish products, direct smoking generated higher concentrations of BaP and PAH4 than indirect smoking. e European Commission reported in 2004 an average BaP concentration of 5.3 µg·kg −1 for directly smoked fish, whereas for indirectly smoked fish, the BaP concentrations ranged from 0.1 µg·kg −1 to 2.0 µg·kg −1 [36] . e direct contact of the product with combustion gases is definitely an important source of PAH contamination [3, 6, 15] . In the direct smoking process, the combustion temperature is often very high and challenging to control [16, 18] . e replacement of direct smoking by indirect smoking may reduce PAH contamination [7, 34] . However, 100% of the directly smoked fish products and 82% of the directly smoked meat products were compliant with the legislation, so the direct technique is applicable when properly controlled. Similar findings were observed in Swedish meat and fish products that had been traditionally directly "sauna" smoked, in which the smoked meat products contained higher levels of BaP than the smoked fish products.
e "sauna" smoking produced increased BaP levels in nine meat samples (6.6-36.9 µg·kg
) and in six fish samples (8.4-14.4 µg·kg −1 ) [18] . e smoking time is one of the critical factors to consider in the smoking process, and it should be kept as short as possible, taking into account food safety and the product shelf life, because a prolonged smoking time increases the PAH exposure of the product [19, 20, 37] . is was especially noticeable in the meat sample results, whereas for fish samples, a shorter smoking time generated unexpectedly higher PAH concentrations than a longer smoking time. Fish results were divided into different groups to be able to evaluate them better. Similar findings were done in salmon fillets, which in turn were divided into cold smoked and warm or hot smoked fillets. e temperature differs generally from 12 to 25°C in cold smoking, from 25 to 45°C in warm smoking, and from 40 to 100°C in hot smoking [13] . Warm or hot smoking procedure generated more PAHs than the cold smoking, with some exceptions. Most of the cold smoked salmons (85%) were smoked more than five hours, whereas 91% of the warm or hot smoked products were smoked less than five hours which explains the higher PAH levels in salmon fillets within shorter smoking time. e results are in agreement with Danish studies, which indicated hot smoking producing higher PAH levels than cold smoking [16] . Moreover, all the small fish species, such as herring and vendace, were smoked in less than five hours with higher median PAH levels compared to larger fish species (e.g., salmon and whitefish). A smaller product size may result in the formation of higher PAH levels [16] .
e most significant parameter influencing the PAH concentrations in smoked products is the smoke generation temperature [13] . e composition of smoke is dependent on the temperature, which needs to be regulated to reduce the formation of PAHs [20] . According to Göbel [37] , PAHs easily form in the temperature range between 660 and 740°C. When temperature is increased within the range 400-1000°C, there is a linear increase in the formation of PAHs in smoke [18, 38] . Based on our results, smaller amounts of PAHs were formed when the smoke generation temperature was optimised to 400-600°C than in nonoptimised conditions. e difference in PAH levels between the optimised and nonoptimised processes was obvious in both fish and meat samples, which emphasises the significance of temperature optimisation. Typically, the smoke generation temperature varies between 500 and 800°C and is controlled by the air supply [33] .
Besides the temperature, the distance between the food and the smoke source is among the important factors to observe. PAHs are bound to smoke particles, and a longer distance from the smoke source to the smoked food may therefore lead to lower PAH levels in the food [20] .
e analysed fish and meat samples smoked at a distance over five metres from the smoke source contained lower levels of PAHs. In indirect smoking, the length of the smoking tube varied between 0.2 and 23 metres. Naturally, all the samples smoked with the direct technique were placed in the same chamber as the smoke source, and the distance was therefore always under five metres. It can be expected that PAH levels will then be higher, because, as previously mentioned, direct smoking leads to higher concentrations of PAHs in the products. To be able to reduce the PAH levels in the final product, an external smoke generator combined with a long tube could be a good option.
Evaluating the significance of smoked meat and fish in the average diets of several European countries, the Scientific Committee on Food (SCF) estimated the intake of BaP from smoked fish and meat to form only a small part of the total dietary intake [13] . However, in local communities or in certain countries, e.g., in Finland or Sweden [18] , where smoked fish and meat traditionally constitute a significant proportion of the diet, the intake of BaP and other PAH4 compounds from these sources is significantly higher [13] . Regarding the European Commission's estimation in 2004, the average BaP intake in Finland is up to 270 ng/person/day, whereas elsewhere in Europe, the intake varies between 14 and 320 ng/person/day [36] . e Codex Alimentarius code of practice advises that in smoking, attention should be paid to choosing wood with a low lignin content, filtering or cooling the smoke, replacing direct with indirect smoking when possible, optimising the smoking time, temperature, and airflow, avoiding fat dripping onto the heat source, regularly cleaning and maintaining the equipment, increasing the distance of the product from the smoking source, and washing the product with water after smoking [20] . In order to precisely determine the influence of the smoking method and other processing parameters on the PAH contamination of food, the Codex Alimentarius and EU regulators require further scientific information [20] .
Conclusions
Based on our results to obtain safe fish and meat products regarding PAHs in traditional smoking, indirect smoking with distance more than five meters between food and smoke source as well as smoking time less than five hours and an optimised temperature (without jeopardising microbiological food safety) are recommended.
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